generally, it is possible to state that the objective of the rational owner, respectively management is the profit maximization with minimal inputs applying, that means costs. This objective can be defined as an optimizing task the solution of which could be achieved by applying the linear programming methods, that means the non-parametric approach or by econometric methodology -parametric approach. common sign for both mentioned approaches is production frontier quantification. While parametric approach assume that we know explicit estimation of production function but we do not know its parameters, results of non-parametric approach are estimated measures of technical efficiency which reflect on the company's position either on the production frontier in case of an effective company, or under the frontier in case of an inefficient company.
generally, it is possible to state that the objective of the rational owner, respectively management is the profit maximization with minimal inputs applying, that means costs. This objective can be defined as an optimizing task the solution of which could be achieved by applying the linear programming methods, that means the non-parametric approach or by econometric methodology -parametric approach. common sign for both mentioned approaches is production frontier quantification. While parametric approach assume that we know explicit estimation of production function but we do not know its parameters, results of non-parametric approach are estimated measures of technical efficiency which reflect on the company's position either on the production frontier in case of an effective company, or under the frontier in case of an inefficient company.
We focused our research on the non-parametric approach application to estimate the companies' efficiency which is known as the Data Envelopment Analysis (DEA). The DEA reaches good results on small extents of the analysed companies and in case of the combination with proper statistical tools; it can answer the questions dealing with the companies' efficiency.
The theoretical background of technical efficiency analysis was set by Koopmans (1951) who defined technical efficiency as the permissible variation input/output vector in which it is technically not possible to increase any output (or to reduce any input) without the simultaneous reduction of other output or increasing other input. Later Farrell (1957) derived input oriented indexes of technical efficiency expressed by the radial reduction of all inputs at the given level of outputs. These indexes were later the inspiration for charnes et al. (1978) , Banker et al. (1984) and Fähre et al. (1985 Fähre et al. ( , 1994 who established the DEA. The DEA is the technique of the estimation of the convex data envelope of the analysed producers, which means the production possibility frontier allowed the relative efficiency calculation of all analysed producers. This technique became very popular for the technical efficiency estimation because it allowed with a simple method to consider the transformation of more inputs into more outputs. it is a non-parametric approach and it does not require input prices and is does not need to define the type of producer's behaviour.
The period of the last years is in the field of the efficiency analysis characterised by new models and methods development as well as by many applications in different branches of economy. With regard to the solved issues, a major attention was paid to the empiric applications based on the radial and additive models which examine technical efficiency at the companies' level in the conditions of the Slovak agriculture. The mentioned approach was applied by Mathijs et al. (1999 ), Sojková (2001 , Bielik and rajčániová (2004) and others.
There exist many opinions on the relation between productivity development (efficiency) and legal forms in transition economies. Petrick and Weingarten (2004) maintain a position that the countries in which there remain sustainable companies with a large area of cultivated land from the centrally planed economy period, but which simultaneously adapted their organizational structure to the new system and optimized the number of employees, reach a higher efficiency measure.
The process of the stabilisation and production and productivity growth started in the year 2004 after the accession of the new member states into the EU by reduction of the number employees in agriculture, the creation of new institutions and the market relations stabilisation (Swinnen and Vranken 2005) .
With the aim to prove that private farms are more efficient than cooperatives, Mathijs and Vranken (2001) estimated the technical efficiency measure of the analysed companies in Bulgaria and hungary based on the DEA. They stated that there is a gradual increase of the technical efficiency of cooperatives which are adapting to the market economy conditions. Private farms reached lower levels of technical efficiency in the fields which had a higher measure of production uncertainty. Bielik and rajčaniová (2004) analysed technical efficiency of Slovak agricultural companies with the non-parametric methodology DEA. The objective of research was to estimate the reached measure of technical efficiency and returns to scale for the individual companies as well as for the selected groups of companies. The results show that the highest number of technically efficient firms according to the constant and variable returns to scale was located in the group of companies with the land area 500 hectares and less. Similar results were reached also by curtiss (2000) on the sample of the czech agricultural companies.
Thiele and Brodersen (1999) analysed on the basis of the DEA the differences between farm productivity in the East and West germany. Farms in the West germany reached a higher average technical efficiency measure comparing with the East german farms. The East german farms were characterized by a higher variability of the TE what can be explained by the differences in the managerial skills achieved during the transformation process.
A fast new technologies introduction into the production process is important mainly from the reason of cost reduction per unit of production what is increasing the short-term profit of the company which is realizing this process (hanzell and haddad 2001). But the empirical evidences indicate that the regions or countries which did not utilize the production growth possibilities by adopting new technologies are loosing the competitiveness on the global level. on the country level that means that the increase of the agriculture productivity impacts positively the decline of food prices and that is establishing the place for industrial goods and services consumption which will be exhibited by the economic growth increase.
MATERIAL AND METHODS
The objective of research is the returns to scale estimation of the basic industry subjects in the The base file comprised subjects active in the agricultural basic industry and the file was divided into two sub-files due to the different accountancy. in the year 2007, there were in sub-file Legal Entities (LE) integrated 1 365 companies, in the proportion: 539 agricultural cooperatives (Ac), 820 business companies (Tc) and 6 state enterprises. Legal Entities farmed 1 422 360 hectares of agricultural land (the average per one company is 1 042 ha of agricultural land, for Ac it is 1 363 ha, for Tc it is 835 ha, for state enterprises 490 ha).
into sub-file independently operating Farmers, there were included 1 144 farmers which farmed 146 493 ha of agricultural land. The average area of cultivated land is 128 ha per one independently operating Farmer.
into the analysed file, there were included all legal entities and independently operating farmers which farmed more than 40 ha of agricultural land, declared more than 20 head of cattle or the combination of cattle breeding and farming on agricultural land, as well as the companies farming without land or with a small area of land, but in the sector of intensive animal breeding.
independently operating farmers incorporated in the analysed data file represented 7.45% from the subjects which received payments in 2007 (15 532 subjects). The share of legal entities in the total number of subjects receiving payments in the year 2007 was 8.89%, but they are farming more than three quarters of the authorized area for all agricultural subjects in Slovakia.
From the fundamental data file, there was in the next step by the random choice drawn up the panel data for the period 1999-2007 which comprised 338 legal entities and 83 independently operating farmers, so that it incorporates the proportional representation of subjects farming in all regions in Slovakia, the frequency of subjects in the individual regions was also considered. The analysed data file was redeemed from the subjects counting extreme values of variables applied in the analysis which will affect the total results.
Radial models of the DEA
The technical efficiency is a convenient measure to compare the production efficiency of group of companies. The advantage of this measure compared to the partial efficiency indicators is the possibility of more input and output application by the companies measurement. Koopmans (1951) defined the input-output vector technical efficient only in case if an increase of any output or a decline of any input is possible only under the conditions of the decline of other output or the increase of other input. Farrell (1957) developed the radial technical efficiency which is comparing the vector of the concrete firms' inputs with the production function on which there are placed the efficient companies. The final value of technical efficiency is in the interval (0, 1) and interprets as the efficiency of input utilization of the concrete company. A firm will be efficient if it reduces inputs by 1 with fixed outputs.
The technical efficiency estimation could be done on the basis of the parametric methods of the Stochastic Production Functions (SFA) which were presented by Aiger et al. (1977) and the non-parametric methods of the Data Envelope Analysis (DEA) which were worked out by charnes et al. (1978) . The advantage of the DEA comparing with the SFA is the independence of the functional form of production function. The basis of the DEA models is the production function estimation with linear programming. The basic DEA model assuming constant returns to scale (DEA crS) is solving the subsequent tasks of mathematical programming Subsequently Banker et al. (1984) developed the DEA model which was adjusted to the technical efficiency estimation (DEA VrS). With this model, there was reached the possibility to compare companies operating in different areas of return to scale and from this reason, the model was modified to this equation
where y i and y i are values of outputs and inputs, Y and X are matrixes of outputs and inputs, Θ scalar and λ vector of constants N × 1. The condition N1'λ = 1 assigns the comparison of companies' efficiency only with those groups of companies which have a similar input vector structure.
The result of the radial model is easily interpreted because it is summarized in one coefficient which interprets the relative company efficiency. Another advantage of the radial DEA model is its independence of the used measure units. on the other hand, the biggest disadvantage is the principle of the individual input reduction to reach the efficiency.
relative efficiency of the radial DEA model is in the interval <0, 1>, where the coefficient value 1 means that company is identified as efficient. The difference (1 -coefficient of efficiency) means the value of how much the company has to reduce inputs to be efficient.
RESULTS AND DISCUSSION
According to the fact, that in data file there are, besides legal entities, also represented the independently operating farmers, there was ere selected for the reason of a limited monitoring of the individual variables in accounting statements of the primary producers group, just one output for the technical efficiency estimation -the total revenues (incomes), and three inputs -total assets, cultivated land according LPiS and total costs (expenditures). By selecting inputs and outputs, there were, besides the data availability, also considered the approaches of other authors who examined technical efficiency in the group of agricultural companies (Mathijs and Vranken 2001; Swinnen and Vranken 2005) .
The development of individual variables which were used for the technical efficiency measures as well as of their individual components, as inputs and outputs, is reported in Table 1. Significant changes, which had finally influenced the total production process efficiency, were recorded in the event of total revenues/incomes, which as the output were significantly influenced by external factors, mainly weather conditions during the individual years of the analysed period. The increase of the total assets was during the period after the accession the Slovak republic into the EU connected with the investment increase which rose during the analysed period due to the realized projects co-financed by the EU funds.
During the analysed period, there continued an increase of input prices into agriculture mostly due to the increase of the prices of feeds, seeds, fertilizers and agents to protect crops. The new technologies introduction (in crop production) was, on the other hand, connected with the declining usage of propellants as well as in savings of operating costs. general, there was not reached any significant decrease of operating costs and according to these facts, the total costs/expenditures increased during the whole analysed period.
Returns to scale analysis of the examined companies file
As it was mentioned, the analysis in the field of economies of scale is an important indicator which denotes if it is effective for the analyzed companies to increase the input exploitation to expand the production program with the aim to reach higher profits than the invested inputs.
in the Figure 1 , there are represented percentage differentiations of companies in the individual groups according to the returns to scale during the analysed period 1999-2007.
During the analysed period, there was estimated the most numerous group of companies which were located in the area of decreasing returns to Scale (DrS). This estimation confirmed that the total input utilization in agricultural companies is considerably inefficient because by the increased inputs, there were reached lower revenues. According to these results, it is not possible to exactly estimate which inputs are indispensable to optimize (for a more exact estimation, it is necessary to apply the non-radial DEA methods). in spite of it, there was confirmed the low profitability of inputs.
The exception was the years 2004 and 2007, during which the percentage share of companies with increasing returns to scale (irS) increased. This fact can be explained by increasing realization prices of agricultural products and by the increase of production profitability (particularly in the year 2007).
According to this fact, we can assume that the majority of agricultural producers are realizing own production under the level of producing costs.
Returns to scale analysis of the individual companies groups
To apply a more detailed analysis, the data file was examined according to the criteria which are based on the individual authors' researches dealing with differentiation of agricultural companies.
The first criterion was the legal form of company. According to this criterion, the companies were divided into individually operating farmers, agricultural cooperatives and business companies. The second criterion was the production orientation. The data file was divided into three groups: companies oriented on crop production, animal breeding and combined production. The companies were divided according to the share of the revenues from crop and animal production in the total revenues. into the group oriented on crop production, there were included the companies with minimally 75% revenues from crop production, into the group oriented on animal breeding, there were included companies with more than 75% revenues from animal production. The remaining companies were included into the group with combined production.
other criteria were the companies' size according to the cultivated arable land area and the number of employees. The last criterion was the firms' categorization into groups according to the climatic and natural conditions into the companies operating in the LFA and non-LFA areas.
in the research, we analysed the percentage differentiation of companies into the individual groups according to the returns to scale during the analysed period 1999-2007. The first analysed group included companies differentiated according to the legal form. results of this analysis are recorded in the Figure 2 Based on this graph, it is evident that the individual legal forms are differently classified according to the returns to scale. The group of individual operating farmers obtained the highest fluctuation in this group. This fact was probably caused by the lower representation in the total data file.
Agricultural cooperatives obtained in the long term a stabile classification in the area of decreasing returns to scale. By this fact, there was partially confirmed the assumption that cooperatives need firstly to restructure the whole production process and after that to begin with the increase of production based on investments. This negative trend was partly caused by using old and inefficient assets in the production process. Unlike the previous groups, in case of the business companies, there was evident the trend of the increasing number of companies in the area of increasing returns to scale. This trend was interrupted just in the year 2005 which was characterized with bad climate and weather conditions. These results unambiguously confirm that business companies are strongly oriented on the production process restructuring and in this group of companies, it is possible to expect a higher measure of investments and thereby an increase of production profitability. Similarly as in the case of the companies differentiation according to the legal form, there were analysed also companies divided by the production orientation. This percentage differentiation of companies into the individual groups according to the returns to scale during the analysed period 1999-2007 is shown in the Figures 5-7 .
The results are similar as in the analysis according to the legal form. The percentage differentiation according to the returns to scale was not unambiguous. While in the companies included into the group of animal and combined production, there was not significant any definite trend, in the case of companies oriented on crop production, there was recorded the transfer into the group with increasing returns to scale.
companies with crop and combined production are significantly sensitive to the realizing product prices because only in the years 2004 and 2007, there was registered higher transfer into the group with increasing returns to scale. Production restructuring and a more efficient behaviour of the companies oriented on crop production caused continuing the trend of the firms transfer into the group with increasing returns to scale.
categorization into the groups according to the returns to scale is appropriately verified also by the differentiation according to the area of cultivated land. Based on these results, it is possible to confirm that large companies have reserves in the increase of production; respectively smaller companies should increase production to reach the production level.
Based on the results of returns to scale development in the group of companies according to the cultivated land area (Figures 8-9 ), we can state that the majority of companies over 1 000 ha belongs to the area of decreasing returns to scale and a further increase of inputs will not give an increase of profitability.
Unlike larger companies, the group of smaller firms showed reserves in the increase of production and profitability. in spite of that, it was not recorded as a significant trend as in the previous differentiation it is possible to assume that smaller companies should increase their production level and larger companies in comparison with larger companies, the ones with a lower number of employees reached a higher potential in the increase of production. only during the years with not favourable climate conditions, the smaller companies reached a decreasing percentage share in the group of firms with increasing returns to scale.
Figures 12-13 illustrate the percentage categorization into the groups according to the returns to scale based on the climatic and environmental conditions where the companies operated.
Unlike the previous results of the analyses companies, the categorization based on the climatic conditions has undergone other criteria. in the case of companies operating in favourable areas, there was evident the impact of the not favourable weather conditions what caused the decline of profitability. companies farming in less favoured areas reached the fluctuation in the categorization into increasing returns to scale what could indicate a non-balanced production structure and the firms aim is not the increase of profitability with increasing production.
CONCLUSION
During the analysed period, there was evaluated the most numerous group of companies which were located in the area of decreasing returns to Scale (DrS). This evaluation confirmed that the total input utilization in agricultural companies is considerably inefficient because comparing the inputs, there were reached lower revenues. According to these results, it is not possible to exactly estimate which inputs are indispensable to optimize (for a more exact, it is necessary apply the non-radial DEA methods). in spite of it, there was confirmed the low profitability of inputs.
Based on the results, it is evident that the individual legal forms are differently classified according to the returns to scale. These results unambiguously confirm that business companies are strongly oriented on the production process restructuring and in this group of companies, it is possible to expect a higher measure of investments and thereby an increase of the production profitability. 
